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III. " The Influence of Stress and Strain on the Physical Pro- 
perties of Matter. Part I. Elasticity (continued). The 
Effect of Change of Temperature on the Internal Friction 
and Torsional Elasticity of Metals." By Herbert 
ToMLiNSON, B.A. Communicated by Professor W. Grylls 
Adams, M.A., F.R.S. Beceived April 13, 1886. 

(Abstract.) 

The author has recently had the honour of presenting to the 
Society a memoir relating to the internal friction of metals when 
vibrating torsionally at temperatures ranging from 0° 0. to 25° C. He 
now brings forward results which have been obtained in experiments 
on the effect of change of temperature on the torsional elasticity and 
internal friction of metals. The apparatus used and the mode of 
experimenting are fully described in the paper, so that it will be 
sufficient, perhaps, to state here that the vibration-period and the 
logarithmic decrement were very carefully determined at four 
different temperatures between 0° 0. and 100° 0., and that the 
formulae given below were worked out by the method of least squares ; 
these formulae are to be found in Tables I and II. 

A full account of the method adopted for eliminating the effect of 
the resistance of the air has been given in the previous memoir above 
alluded to. 

TnWp T 



Metal. 


Formula for the torsional elasticity 
between 0° 0. and 100° 0. 
Tt and Tq represent the torsional elasti- 
city at the temperatures of f 0. and 
0° C. respectively. 


Percentage de- 
crease of tor- 
sional elasticity 
when the tem- 
perature is 
raised from 
0° 0. to 100° 0. 


Silver 

Platinum 

Platinum- silver 
Aluminium. , . . 

Zinc 

Mckel 

Iron 

Copper ....... 


Tt = 'ro(l - • 0003769?^ - ' 0000001690 z^^) 
rt = ro(l - • 00004456^5 - •00000029872^2) 
Tt = ro(l - • 0003555j{ + * 00000054672^2) 
rt = ro(l ~ * 0005713?? - * 00000001092^2) 
n=ro(l--0-00108002? ~0 -0000049470252) 
rt=rQ{l - • 000226725 - '0000003474252) 
r<=ro(l-0 -000244225 -0 -0000002510252) 
r^=ro(l~0 -000247225 -0-0000004488252) 


3-938 
0-744 
3-008 
5*724 
15 -747 
2-614 
2-693 
2-921 



Before the experiments, of which the results are recorded in Tables 
I and II, were made, the previously well annealed wires were subjected 
to a preliminary treatment extending over periods ranging from six 
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Metal. 


Formula for the logarithmic decre- 
ment due to internal friction be- 
tween 0° 0. and 100° C. 

Xf and Xq represent the logarithmic 
decrements at t° 0. and 0° 0. re- 
spectively. 


Percentage decrease 
or increase of the 
logarithmic decre- 
ment when the tem- 
perature is raised 
from 0°0. to 100^0. 
— signifies decrease 
+ „ increase. 


Silver 

Platinum ..... 
Platinum-silver 
Aluminium. . . . 
Zinc ......... 


X^=\o(l-0-01235?J + 0-00010402^2) 
X;=Xo(l + 0-01410^ + -OOOlOOSf-) 
X^ - Xo (1 - -00806^ + •0006644?^2) 
A^ = Aq(1 + 0- 014132^ + 0-0007122if2) 
X;=Xo(l + 0'00057if-0 -00002052^2^ 

X,=Xo(l-~0-01599^ + 0-0000814#2) 
X^=Xo(l -0 -01801^ + -0006345^2) 


+ 177-2 

- 19-5 
+ 141-6 
+ 683-8 
+ 853-5 

- 14-8 

- 78-4 
+ 454 "4 


Nickel 

Iron ......... 

Copper ....... 



dajs to two montlis. This treatment consisted in repeatedly heating 
the wire to 100° 0., and then cooling it again until the torsional 
elasticity and the internal friction both became constant at all the 
temperatures at which the wires were tested, and produced the 
following permanent effects : — 

(a.) Yery appreciable increase of the torsional elasticity in the 
case of some metals and appreciable increase of the torsional elasticity 
in all cases. 

(&.) Large diminution of the internal molecular friction, the effect 
on the friction being considerably greater than the effect on the 
elasticity. 

(c.) Very appreciable increase of the limiting amplitude beyond 

which the logarithmic decrement ceases to be independent of the 

amplitude. 

From a consideration of Tables I and II it may be gathered 
that : — 

(d.) The torsional elasticity of all metals is temporarily decreased 
by rise of temperature between the limits of 0° 0. and 100^ C, the 
amount of decrease per degree rise of temperature increasing with the 
temperature. To this may be added that the percentage decrease of 
torsional elasticity produced by a given rise of temperature is for most 
metals about twenty times the corresponding percentage increase of 
length. 

(e.) If we start with a sufficiently low temperature the internal 
friction of all annealed metals is first temporarily decreasedl by rise of 
temperature and afterwards increased. The temperature of minimum 
internal friction is for most annealed metals between 0° 0. and 
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100° C. ; for most hard, drawn wirp, however, tlie temperature of 
minimumi internal friction is below 0° C. 

(/.) Tlie temporary change, whether of the nature of increase or 
decrease, wrought bj alteration of temperature in the internal friction 
of metals, is in most cases enormously greater than the corresponding 
change in the torsional elasticity. 



IV. " On a New Means of Converting Heat Energy into Elec- 
trical Energy." By WiLLlAKD E. Case, of Auburn, New 
York, U.S.A. Communicated by W. H. Preeoe, F.R.S. 
Received April 14, 1886. 

It was shown by M. Henri Loewel (see " The Chemist,'' Part YIII^ 
p. 476) that the addition of a solution of chromous chloride to 
stannous chloride caused a precipitate of metallic tin, the reaction 
forming chromic chloride. 

On heating the solution to the boiling point, 212° P., it was found 
the precipitated metal was in a great measure redissolved, forming 
the original solution, chromous chloride and stannous chloride, with- 
out the liberation of hydrogen. 

On cooling this solution the tin was again precipitated, the action 
continuing as often as the solution was heated and cooled. 

As chromous chloride has a great affinity for oxygen, it is necessary 
the air should be excluded from the solution, otherwise the chromous 
chloride would be reduced to oxychloride of chrome, as Loewel states^ 
and the reactions would cease to take place after a time, the stannous 
chloride formed during each heating remaining in solution. 

I constructed, in the form of a simple galvanic cell, a small element 
with this solution, chromic chloride,'* as the electrolyte, using tin as 
the positive, and platinum as the negative metal. 

At 60° P. this element gives no electromotive force, although in 
this case, when the cell was first set up, it gave 0*0048 volt, owing 
probably to the presence of some foreign substance. 

On the elevation of its temperature by the application of heat, the 
electromotive force rose and fell, as indicated in the diagram ; the 
curves A, B, 0, D, E, represent its increase during the rising tempe- 
rature, and the curves P, Gr, H, I, J, its fall while cooling. 

The irregularity of the curves A, B, C, D, E, was probably due to 
unequal heating. 

At the termination of the experiment, when the cell had cooled 
down to 60° P., no electromotive force was observed, as indicated on 

^ The solution used was made by combining cbromium trioxide with, hydro- 
chloric acid, and heating. 



